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Particle |dentification Basics

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

photons 44

F 4

et

IMuUOons

n
- _§<
Innermost Layer... =P ...Outermost Laye
Credit: Particle Data Group (LBNL)
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Over the past week you have seen the individual
components

Key; Muon
Electron

Charged Hadron (e.g. Pion)
1 ]}“]] - = = - Neutral Hadron (e.g. Neutron)
n 4 s Photon

through CMS

Dan ierliarerse slice : ‘

Silicon
Tracker

Superconducting
Solenoid

Iron return yoke interspersed

Ch FIS Tu | Iy with Muon chambers
i T

Om 3m 4m 5m 6m m
| | | | |
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What if we start to link things together?
We have to account for the other detectors

Key; Muon
Electron

Charged Hadron (e.g. Pion)
1 ]}“] - = = - Neutral Hadron (e.g. Neutron)
---- Photon

. ®
D a n I erliarerse slice y

rough CM5S

Bortoletto

= = = T . |
-] 1T [-] [-]
===
= | = =
™ =\ 1 =
] I =1 7] 3
L] 3 S,
[-] | YOE— s [=] 1 -]
W 1

e

Electronics Big magnetic
_feeding

Iron return yoke interspersed
with Muon chambers

3m 4m 5m 6m 7m
| | | | |

L calorimeters
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What if we link our components

>\\

Electvons

v ECAL
4 Tracker
¢ Combined

o b b b b b b b
10 15 20 2565 30 35 40 45 50

Ef (GeV)
Track resolutlon Calonmeter resolutlon
o(p;) OxpT A% _ (2 8%) i ( 2%) + (0.3%)
Py 03BL (E) V'E E

Measurere\mjm Measurement H2

The combined “best” measurement
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Particle flow concept
* Linking however requires us to be realistic

Electron Track p, =

Energy fLac(%)
o
o
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Calibrating for Missing informaiton
o Step 1: Measure your electronics material

SSSSSSSSSSSSS GMS simulatlon
Fr T T rrrr o[ rrrrprrr 1 rrrryrrrrrprror T T o114 LI L L

(<_ - | [ [ [ I T T B o T L L L B L B B BN B BN
+= (@ 7LC[ ]support Tube I ToB Il Pixel ] é 2_5f|:|s rt Tube -1-03 B Pixel .
& ipe - [JTec Il 718 and TiD [l Beam Pipe |
0.6F

r 2,

O0.5- B

0.4" 1.5)

0.3¢ 1

0.2F E

E 0.5

0.1 B

Qi

e Step 2 : Add this into your simulation
o Step 3 : Compute the average loss

g cus ]
wo......Simulation. ]
e Step4 : Correctit = =
[ ] rr I % 3
% ‘H*
o E ]
o O Bt s essge s e S T T T T e 3
3 ofh
S -10 e «
% —20 : e
(O] - ax
o = o .
—30F e —
B
o ——
—40 Fo —— e
— : lllllllllllllllll
500 100 200 300

E (GeV)
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Can we use more info?

 \What if we take the full info of the Ecal cluster

=

10
10°

10
10°
10°

10

/ Consider the width of an
Widths Ecal shower
(aka RMS of ECAL shower)

: 2
N O3 21 > Ein; -
o = —
n,< Z E,‘ Z E,‘
Width in a 3x5 (AnxAg) region :
of cells in the second layer.

n——-—"2¢
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One Encouranging View

Phys. Rev. D 90, 112015 (2014)

} [ | | | | | | | || | I | I ] ] | ] 1 | | I | | I | ! 2]
8 0.16 - % ATLAS Simulation ]
w 0.14 \s =8 TeV —
S . Best Channel H—yy, m =125GeV -
§0'12—_ o=1.32 GeV =
£ = Central - high P, ]
S 0.1 e MC .
o [ — Model ]
z 0.08 Forward - low p_, al
e — o MC N
0'06:_ — Model B
0.04F  Worst Channel =
0.02E- o= 1.86 GeV =
0' AT o slaalhaisl

130 139 140
m,, [GeV]

If we adjust the cuts on the shower parameters
Can improve the photon shower performance
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More complicated effects

Bremstahlung+
Conversion

Pre-conversion Post-conversion

n nn
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More Sophisticated Calibration

107
102
10-3 ':

104}

10°

T T T T T T | T T T T T
ATLAS Preliminary
Simulation
= |solated electrons

Hadrons

--=--=- Non-isolated electrons
Background electrons

-0.02

rA R VAR T W [T
0 0.02

|
0.04 0.06 0.08

1l

0.1

leakage fraction into HCAL Raas

10" -

102

10-3

10"

ATLAS Preliminary

Simulation

Isolated electrons
~—— Hadrons

Background electrons

------ Non-isolated electrons |

s g
asnad®

| smwprnpepeet (il

12

Width (2" moment) in strips Wstet

From J Alison

T T T T T T T | T T T Ll T T
1= =
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1 01 E Hadrons E
E ------- Non-isolated electrons E
i Background electrons |
107 3
10°
10°E ? =
10’5 . ; L L IR TN AT Y T A 1 L | :-E = ) L=
0 0.005 0.01 0.015 0.02 0.025
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1 El TTT T TT | UL L | TT I T T | T T | rTTT T TT T T | TT IE
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10" —— Hadrons E
. ---=-- Non-isolated electrons
Background electrons
102 e
1 0-3 _::"-..u“:"-«‘-‘-‘-,:*-. pamtzid grtis "._
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More complicated effects

Bremstrahlung+
Conversion

Pre-conversion

Can we
recover
energy from
these extra
effects

W (o )

n nn
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Simplest Approach

Look for deposits tagent

If you seem
them add
them back

o Sl

/ Electron

Write down a few scenarios and modify
reconstruction to accomodate
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Sophisticated approach

* Generate a large set of events : split by categories

T

Narrow shower Wide Shower

N
N
—

AAVVE(GW]) Aw)\x
Large tangential Small Large tangential Small tangential

energy tangential energy energy
A TN



08/20/16

15

MVA Regression

» Keeps on splitting events by properties

Events / 1 GeV

AWA

Match observed
to true

A Observed
—» True

x10’
120 "
CMS Preliminary 2011, 7TeV Ee s
100 L =498 fb"
EESCI
80 — E
ECAL barrel 56 corr
60 Effect of the
regression on the
40 Z->ee peak
20
() e v
60 80 100 120
M., (GeV/c?)

P_¢=p_Re®Correction(w.,p.,...,All variables you split on )
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- MVA used for classification

16

Impact of MVA regression

 MVA regression was used for a number of objects
- A big part of the ATLAS/CMS Higgs searches

19.7 b (8 TeV)

20

- —— jet-jet

- #88 MC background
[ ——

R \r-jet

- x103 LT ] B BN DN TR (B D SN | T
S |
S gol- CMS  EGM-14-001 o
gl
& L H ( 25 GeV)
- —— H—=yy (m =125 Ge
@D 60| ¥
B ¢ Data

0 0.2
Photon ID BDT sco

30

10

0
0.4
re

20

LO'0/ Sluane Ak «—H

0.06

0.05

0.04f

0.03

0.02

0.01F

:_ H—>yy
[ Ys=8TeV

lllllllk

- ATLAS Simulation |

1]"]""71]'1"""[7" Ty

il e

Irvvrvvv‘lvtvri

Initial calibration ;
MPV = 124.48 GeV 1

KT',‘ = 155 G’BV -

—— ?u‘VA :
MPV = 124.93 GeV —
a,= 1.35 GaV :

lllllllllllllllll

L

116 118 120 122 124

126

128 130 132 134
m,, [GeV]
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Particle Flow
Link everything together  Make Particles

Finally Apply Particle ID & Sepavation
o
clusters E(ECAL HCAL) > Pyiva
4 §
ECAL
clusters
Electvon
. Cha\raed
Hadvowns
Tvacks

We get 5 classes of particles

Are we missing any?
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Particle #1 (Id ) & remove Orderln IS key
(expected)deposit Particle #2 ( g

remove
Hcal
Ecal /
A Partlcle #3id &
. Muons ’&o remove
ectrons a | _
© 3 overlapping

1

2. E

3. Charged Hadrons |
g Photons pa rticle event

:Neutral hadrons
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Resulting Componnets

o Std::vector<ParticleFlowCandidates>

 ParticleFlowCandate

- Particle IdQFiespmns
- Mass =

Tracking Electromagnetic Hadraon Muon
chamber calorimeter calorimeter chamber

—_—
_ pT >
n¥,
- Eta
. —"n
- Phl | Innermost Layer... » ... Outermost Laye

Credit: Particle Data Group (LBNL) -

ATLAS does not (yet) link charged particles w/calo
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Particle flow
looks for
displaced
secondary
vertices and
merges tracks
iInto 1 particle

CMS

20

A lesser known point

« Embedded in particle flow are nuclear interaction

...‘ . ] {.- .'.: .-

- =
R e
l e

Nuglear

-2o@ne§mgle~PF Plafa

o PP mterachon; |

......

: pa el %
= -'<'=-" : e -'i :'4' 't' .“, "
-40 . . ..- e I"E_.-:--',' "l‘I :'. E -". _: _,:,' A - :."_;
S et
60+ L1 I R .
960 -40 -20 0 20 40 60

nucl. int., Data\/s=7TeV

0.024
0.022
0.02
0.018
0.016 =
0.014
0.012

x 1/ Jevent

hadron

10.01

0.008
0.006
0.004
0.002
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Any complication for PF in ATLAS?

—_—)
—_— ] = g
muon
spectrometer
5‘
3
3
5E
£2
=5
2 -
g
TE g
£3
5z
a9
~=a
§¢c
55 £
: £8
hadronic =
~alor ¢ c2ofs
calorimeter §E252
=)
=0 6 g g /— %
LI
|
T /'\ g E
s s3g
the dashed tracks o 23
are invisible to e 3
the detector
s-
electromagnetic |
0 b E g
calorimeter 5E
£2
v
—— .!
= g 5 E
= 8 g3
= £3 EE
tracking { tracker ATl AC i3 § 5 E 3
racking : YRILAD ¥ i
2 CYPEDIMENT 5
= LAL LML = Ny §
htp://atlas.ch 5=
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Any complication for PF in ATLAS?

E==— \ - =
==== = £
muon
spectrometer
5‘
3
3
5E
g2
=5
g
25
E
5 FA
= === g8
5: :
a9
5z
a9
~=a
§¢c
§5 §
)
: s
hadronic cpT
imeter SHES
calorimeter SESEXR
=}
Su5z& /— %
LI
. |
.: : : /-\ g E_
‘0 ] 5%
. proton : /_ ‘g %
neuron L rac 33
‘ ' I are invisible to 2
— \ ! the detector P
! -
. \ ‘
electromagnetic \ ! &
. e
calorimeter - . SE
. X 2s
\ h - 1 3
\p oton # : ¥
[ m— ] S
o i = =4 gE
‘ lon ; ATI AC v 33
tracking { tracker y . §% 8
2 ixel/SCT o e dallMal g3 2
pixel/SC % EYPEDIMENT g5
detector e 8 S LATERIMERT £ I
hitp://atlas.ch E-

Need to correct for the
ATLAS energy loss CMS
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Using the particles

Inside a detector T_rgcks in
Silicon

From a single
vertex

y

Now we can
classify these

guys

Ecal



Building More
Complicated
Objects



08/20/16 25

Lepton Isolation

» Leptons from EWK decays are isolated

Z/W | »
e/u e/u
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Lepton Isolation

» Leptons from EWK decays are isolated

Whats in the cone?
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Lepton Isolation

» Leptons from EWK decays are isolated

V

Whats in the|cone®?
Nothing Something

e/p
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Lepton Isolation
* Leptons from EWK decays are isolated

VS

Really? No

i - == —= — 7 ‘-v“- 1 011
1 | | | | | | - | |
E | e Ct ro n S/I I I u O n S 0.001 0.01 0.1 1 10 By 100 1000 104 10% 106
' \ I I | L I | | |
- L 01 1 10 100, |1 10 100, |1 10 100 |
Radiate photons
Muon momentum
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Using Isolation Profiles”

"”**6*5 o onnutauort, 7 16V 05. CMS Data, 7 TeV
o I Real Tau Charged Isolatlon o UL - Fake Tau Charged Isolation
5 b oaE ' I e
D -3 O M T R Ry -3
g, uReaI Lepton i K .;_:::__-:;_ £y ?:ke Lepton 10
N S T . R e N .I!-.. .l.k_.._:::_-- . . i
i .."'_.;. ___.f
0.3 0.3 T -:Ir'|' l-"--.l'r"-
- 10 Rt R _.I'l:" —10*
0.2 0.2 ERERET

. : .' .-"- ;
0.1k gt R S -
P oy F'fl'l!".:....:....:..-l—l-i—r-r
0800 041 02 03 04 05 080 01 02 03 04 05

A AR AR

e The full shape information of isolation can help

- Sometimes  called the “Frixione™ isolation
e Question : Why does this get so red for real leps?
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Hadronic Tau decays

\\ e ,/ “ :
N M | |

40% of the time

60% of the time

30



31

Taus

Look inside a cone
for decays of a tau

- Take mass(1+17*s)
ditional
varticle Look for p or a,
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T

Events

VT »

-

-I-I-i

70000

60000
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40000
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10000

19.7fb ' (8 TeV)

CMS —e— Observed

1z — ==
Ot

] Electroweak
] Multijets
[ Uncertainty

b
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e

N
&)
@)

N
o
o

h
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2

100

50

X

-

o
w
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|
)
=
w

—— Observed
[JZ — tu: h*h'h*
[1Z — tt: h'n’s
3z — w:ht
=t

[ Electroweak
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[ Uncertainty

0.5 1 15
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ATLAS (1 step)

W)
S 0.25( + Z,Z'— 5, W — v (Simulation) -
s ool " Multi-et (Data 2012) -~
g - p,>15GeV, [7l<25
0151 q-track -~ T
0.1~ ATLAS Internal Vs =8 TeV - -
0.05[— e - ]
0;-‘.!‘_::._ | oio—s. —L—-.—-H"‘_.:?_ ‘ .--I e ]
0.2 “04 0.6 0.8 1
fcent

Take a whole bunch of
variables and shove them
|nto an MVA

5104§ LB BURBUEL B LU B BRI B AL RUBL L
< =
= .- 1-track
S 10°E Run-I —= 3-track ~
S  F™. |
3 F e Tau identification 7
o - e, .
_E:)s PRE 20 GeV< p.< 40 GeV, |n|< 2.5 ~
o e =
o -
s L ‘e,
S il amae N e
£ 10 ATLAS E
- Data 2012, \s=8TeV
1 ................................ ': .........

01 02 03 04 05 06 07 08 09 1

Signal Efficiency

Approaches to Finding a Tau

CMS (two step)
1. ldentify tau decay

Look at all
combinations il
‘ an cone

o ‘
.V /_/Additional random
o partlcle

2. Remove decay particles
Put rest in an MVA

CMSSmIt P Im y
NUN L B
s

13 TeV, 20 pileup at.'25ns |

-3 I _
[ —¥— cut-based ]

i 8- MVA-based ]

I a u : Efficiency : Z' (2TeV) — 1t MC ]
Fake rate : QCD multi-jet MC (20 < pT< 1000 GeV)
u u o I T T T T BSOS SR MR
isolation T it
T,, identification efficiency

Mis-ID probability
o

—_
o
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Key component Is isolation

* What distinguishes a tau from a jet is lack of

activity
Isolation can reduce
signal background by 95-99% for
seed track ~. isolation 70-50% Efficiency

Fake Tau Charged Isolation

not associated
with tau candidate




Jets
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What is a jet?

Theory level Particle level wr Level

g

T

A composition of many \ \’I

particles originating from a Tracke

quark or gluon Charged Hadron Ecal
Photon
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What is a jet?

Inside a detector Tracks in
Silicon

From a single
vertex

Ecal
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Jet Reconstruction

e |trerate over two

Take smallest

‘ . 1 2
AR min(p,’,p;%)*

’ a=1 kT

/ a=0 Cambridge Aachen
> /I G=-1 Antl'kT

/
Highest p.
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Jet Reconstruction

e |trerate over two

Take smallest

s AR min(p.',p.?)°

a=1 kT
a=0 Cambridge Aachen

a=-1 Anti-kT
Start small
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Jet Reconstruction

e |trerate over two

Take smallest

AR min(p,',p;°)°

a=1 kT
a=0 Cambridge Aachen
a=-1 Anti-kT

Start Close
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Jet Reconstruction

e |trerate over two

4 Take smallest
. 1 2
AR min(p,’,p;%)*

a=1 KT
a=0 Cambridge Aachen

a=-1 Anti-kT
Start Big
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e |terate over two

Now merge initial into a
particle

42

Jet Reconstruction

Take smallest

AR min(p,",p;*)°

a=1 KT
a=0 Cambridge Aachen
o=-1 Anti-kT
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Jet Reconstruction

e |terate over two

Take smallest
. 1 2
AR min(p,’,p;%)*

~d a=1 kT

a=0 Cambridge Aachen
o=-1 Anti-kT
Zooming out
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Jet Reconstruction

e |terate over two

Take smallest

AR min(p,',p;°)°

a=1 KT
a=0 Cambridge Aachen
o=-1 Anti-kT

Merge next set
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Jet Reconstruction

e |terate over two

Take smallest

AR min(p,',p;°)°

a=1 KT
a=0 Cambridge Aachen
o=-1 Anti-kT

Merge next set
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Jet Reconstruction

e |terate over two

4 Take smallest
I 1 2\a
AR min(p,’,p;°)
a=1 kT
a=0 Cambridge Aachen
a=-1 Anti-kT
Merge next set
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Jet Reconstruction

e |terate over two

Take smallest

AR min(p,',p;°)°

a=1 kT

a=0 Cambridge Aachen
a=-1 Anti-kT

If distance > X (stop)
X=0.4,0.8,...
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Jet Reconstruction

e |terate over two

Take smallest

AR min(p,',p;°)°

a=1 KT
a=0 Cambridge Aachen

(¥4
x

QV)
3}
P =
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Why do we use these algorithms?

ot % T T Y N NY ™™

SAFETY .
FIRST " .

 h O O Y A Y V™M™

" 1 2\a
AR min(p.',p.°)
Need to be able to calculate these with QCD
Collinear safety

AR min(p.',p,%)*—0
///ﬁ// 020 When AR—0

A
Can Randomly
happen? When AR—O0

V 4V 4V 4V 4V 4

*Wesley Smith
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Why do we use these algorithms?

““““‘

' SAFETY . :
" FIRST"

N

L““““.

. 1 2\a
AR min(p.',p.°)
Need to be able to calculate these with QCD

Infrared safety AR min(p,*,p,2)*—0 (p,—0)

00000 For a=0 gluon gets
A : .
Can Randomly combined with nearest

happen? When E—0  particle p.'—p +E(—0)=p.

*Wesley Smith
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Why do we use these algorithms?

““““‘

' SAFETY n
" FIRST"

N

 h O O Y A Y V™M™

To calculate anything with a jet we need to observe :

Infrared safety : invariance with random particle w/E—0
Collider safet : invariance with random split AR—O0

This applies to jet substructure observables too!
...Well maybe
can you think of a example that breaks IR safety?
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Whats the right cone size?

@ii JHEP 1205 (2012) 128
SR CAREE Phys. Rev. D 86 (2012) 072006
SR NG §

N

1.0 & @ @ Q. @ @
in true ATLAS/CMS fashion,

> | | we have no overlapping
: | working points

> @ o &
2 9 ¥ > & &
¢ & > &S o & FE . & observable

¥ && & ¢ $ o & SN
N = § = 8§ SFS) ISR é’)ng@

< L 3 & FD &8
3 < N éll-'oé‘ Q‘Q\S

& ke FIE

€ g& S
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Whats the right cone size?
There is no right cone size

20 1 6 cms, | cms, | cms. | W QE] JHEP 1205 (2012) 128
1 z JHEP 05 (2013) 090
R | | '/ﬁ ( ) Phys. Rev. D 86 (2012) 072006

@
g 9 ¢ &

1.2

1.0

s, @ | in true ATLAS/CMS fashion,

y’
%
0.8 R
o

CMS CAL\S
S : : we have no overlapping
; king points
S‘ | WOor
& ‘

0.5

> 2 o .
o % Q@ > & D
o & & & S cgo,@ @o(g) o & Observable
& £& £ N ofs 58
5 o S K A & .
& g g€ &S EFE L
N < \c,_; ézéro{g Q‘cébc?
& t5e F¢
§ & &
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Current Defaults at LHC

UTZMZ28
e\ 86201 2) 072006

N §  ATLASBig1.0

-+ul B =N QL & Q. Q>
= 4 i I . ‘ .
: - | MS Big 0.8

ST AS/CMS fashion,
wenave no overlapping
working points
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Current Defaults at LHC

219 0.8

e S/CMg fashion,
ve no overlapping
working points
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Why do we have different defaults?
* WWe don't just care about the initial qugrk

wg

\

A composition of many \’I
particles originating from a Tracke

quark or gluon Ecal
Photon
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Many Phases of Jets

Pileup Jet V Boson Jet B-quark Jet
Displaced vertex
Wz Quarks 9
AYAYAY: )
9
Quark/Gluon Jet Top Jet Higgs Jet
% b
g H <
q H
— VA
- AV
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Each cone focus on a different object

Larger cone allows us to Smaller cone allows us

look from top Jet to look from W Jetm -
%’ 220 |||||||| I L B B R |_ E 600 — o Data CMS ]
¢ 200F q ATLAS Prellmlnary q < Top (W — Preliminary
o - Ldt=20.3 ", Vs =8 TeV 1 a n -Epiqji
: 180 . A ant|al;0RG1 V[:‘l I:lnTr;ed B :;J . Oti e?bkgj .
C = o> o E
§ 160 n Wl —e— Dpata2012 - 400 |2
-— - = ttbar (with contained to
LICJ 140 - % ttbar Enon contained tos;
' W + jets
120 E_ e E SlngfetTop ]
100 :— 1 - gt::tsstmal uncertainty . 200 \
80F
6 0 ; - o
4 0 ; i J 4 F
200 Y 1 S 2F ety td L Y ¢
0_ be' | D g § **ﬁ ++ ++ ﬁ# ¢ +++ ++++ ; ++§ + 3 *# ++@
b~"50° 100 150 200 250 300 350 40  2f N
MaSS [GeV] 0 50 100 150 50 [Ge\Z/?O
2m

Master formula for heavy object : AR="_
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Each cone focus on a different object

Larger cone allows us to Smaller cone allows us

look from top Jet to look from W jet
S B TorTaging W |
5.3 EMPSTSign?Llllagtlnn 012 FIX AR—0.8
S Mufﬁr&: !f{Te".f 2m
5 f 0.1 =0.8
E 2502— pT
200 0.08 m=04 pT
150 i 0-06
100 —0.04
In.uz
300 400 500 600 700 800 900 °

900
pJ:‘ (GeV/c)
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Spectrum of Jet Substructure

Substructure has been leading to a change in how we view jets

Pileup Jets Quark/Gluon  Merged
Jets bosons/tops

Pileup treated with Pileup Jet Id at low pT

At high pT Pileup subtraction the most important

At 1 TeV Reconstruction effects limit substructure
(we will not talk about this here)
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What is a jet?

Inside a detector Tracks in
Silicon

From a single
vertex

Ecal
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What is a Jet?

Inside a detector T_re_lcks in
Silicon

Charged Pileup can be separated by vertexing
Neutral Pileup cannot®

Ecal

*Fast timing/Depth reconstruction can help



08/20/16

50-200
GeV

Detector Surface

. _.-:- : "

pT (GeV)
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We also have pileup
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We also have pileup

teresting info
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* Filtering the In

6

50-200
GeV
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Jet Energy Correction
e Correcting to truth

LS PV
serind = y A
e UE/PU Jet radiation
Interferes pushes jet
\W/jet activity | Out to larger
A ycone

How do we shape our jet against the UE?
Why did CMS switch to AK47?
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Jet Energy Correction

* AK2 CMS Simulation \'s =8 TeV
7A 05 : | | | | 1T 11 | | | | | 1T 171 | :
B 0450 Antl-kT, R=0.2 (PF+CHS) E

Q. N .
g / AR
u _qa_ll:o .
~_ 0.35[ -
= : In.fluence of +0su<10 -
5+~ o3 Plleup +10<p<20 -
\,_025%4 +20<p<30
L A S | 30<u<40 -
[ O% |
© o2F i -
0.15F *s =
: T :
0.15_ -Q-_O__O_—o—_g_ _E
0.05 I —
0: | | | ] | L1 1 | | | | | | L1 1 | :

20 30 100 200 1000
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JME-DP-14/037



08/20/16 69

Jet Energy Correction

) AK3 CMS Simulation /s = 8 TeV

7/\ 0'5: | o ' N E
B |_045 — Antl'k-p R=0.3 (PF"‘CHS) E
o - :
:/Q"_l— 0.4F <13
: =0 .
= 035F /Influence of ¥ E
i : - 40<p<10 -
D 03@ Pileup S 10<p<20 -
o 0.25 %@é;. +20<u<30 7
= e 30<u<40 -
© o02F 00;5% E
0.15F i E
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0.1 S E
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0: I ! L0110 | | L] .

20 30 100 200 1000
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 AK4

Jet Energy Correction

CMS Simulation s = 8 TeV
7A 05 : | | | I T 11 | | | | | 1T 11 | :
0 o4sE Anti-k;, R=0.4 (PF+CHS) -
Q. - -
o 04F ml<1.3 -
V E =0 .
= 035f, /' Influence of ¥ -
z - _ +-0<u<10 .
5 0.3%. Pileup 4+ 10<p<20 -
\|_025: Q°° +20S].L<30 _:
o S NPSE 30<u<40 7
© 0.2 0;::_0 —
- Ooi .
0.15F o8g =
[ %::Q: ]
[ ESE=9= ]
0.1E S :
0.05F oo
O: | | | | | L1 1 | | | | | | L1 1 | :

20 30 100 200 1000

p?EN [GeV
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Jet Energy Correction

’ AK5 CMS Slmulatlon /s = 8 TeV

7A 05 : | | I L | | | | | 1T 11 | :
'5' |_0_45:_ Anti- kT’ R=0.5 (PF+CHS) E
Q. B -
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* AKG

72

Jet Energy Correction

CMS Simulation s =8 TeV
7A 05 - I I I I I T T | I I I I I T T | a
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Jet Energy Correction

* AK7 CMS Simulation (s =8TeV
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Jet Energy Correction

* AK38 CMS Simulation (s=8TeV
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Jet Energy Correction

’ AK9 CMS Simulation /s = 8 TeV

7/\ 0.5:. | T 1 ||-|| T | T T T 1T ]
B ,_0.45;—'.. / Anti-k;, R=0.9 (PF+CHS) E
Q. . -
';.‘_n— 0_4;—'...'. ml<1.3 E
- % - u=0 ]
= 035E % onfluence of [ 0Tl 40
BQ_.- 0.3;\ .*Pileup L 10<p<20 -
H0.25F et +-20<u<30 °
\9—/ ) [ f:_._o 30 < u < 40 E
© 0.2 %o 0_::_. -
- ©o o o ]
0151 Too, et -
0.1 pRt St E
[ = .
0.05 e :
0: ! R R ! Lo -

20 30 100 200 1000
pSEN [GeV]

JME-DP-14/037



08/20/16 76

Jet Energy Correction

* AK1.0 CMS Simulation (s =8 TeV

7A 05 : ° I I I I T 11 | I I I [ I T T | :
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Jet Energy Correction

* Executive Summary :
We switch to AK4

08/20/16

Run Il PU

Run I’PU

CMS Simulation Is=8TeV CMS Simulation / Is=8TeV
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Jet Energy Correction

* Executive Summary :

We switch to AK4

Run I’PU Run Il PU

. CMS Simulation Is=8TeV . CMS Simulation / \s=8TeV
T T T | T T T | T T T | T T T | T T T | T T I T | T T T | T T I | I T T | T T T I I
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Stability of our detector

« Using all the jet cones allows plots like this:
CMS S:mulat:on Prehmmary 19 7 fb (8 TeV)

-
eSS

— ' L
g PF PFﬁ('(JHSV hi<13
L e o e R-o 2-1.0
E e T o= 1) x 100
[ 10L 3
o ® o o ° * ’ : 5
+— F . 8
i_t __ i @ [ ] -
(- 8— ..
S
5 6__ - 0 o ©
S ¢¢@ N :
E 4 . 3{ é ® B =
ok & :
$ =(A,) =R 2- VN"'N e 3: e
0 e Ly g v Eveean Lo e v leasaan Ly zp il T| J

b 10 20 30 40 50 60 70 80 90 100
uxA
Generically ATLAS doesn't have this scaling JME-DP-14/037
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Improvements form ATLAS
 While ATLAS does not use pflow

- Yields resol. loss(Charged parts)+worse granularity

- Compensates w/improved aranularitv throuah GSC
Before GSC After GSC

® | ATLAS Simulation Preliminary | ® [ ATLAS Simulation Preliminary
9 1.2 EM+JESw/o GS PYTHIA8 7 9 1.2 EM+JES PYTHIA8 7
2 - anti-k, R=0.4 n[/<0.3 a - anti-k, R=0.4 | <0.3
o e BOSp$“th<40 GeV as I " SOSptT””h<4O GeV
1.1- [ 80<p™"< 100 GeV | 1.1 =) 80<p" <100 GeV
= [[47]350<p" <400 GeV i [[2] 350 <p™™" < 400 GeV -
1 e, - [ O NP
L —iy & - — (& 4
o9-  Corrections exist at jet lawel (not particle) :
£ 0.1 | | ] @ 01 .~ T
c i — r
- 0.05: P ; - 0.05: ]
S e : > el
g % 0.1 02 03 g G 01 02 03
s width, £ width
< https/atlas.web.cern.ch/Atlas/GROUPS/PH¥XSICS/CONFNOTES/ATLAS-CON F-9D15-0¢


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-002/
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Visualizing the PF impact

P, (GeVi/c) P, (GeVic)
| CMS Preliminary | ] [ CMS Preliminary |
0.45 0.14—

P
f-N
I

0.12 :

0-35 f e - TR : : : : :
E | 0.4

¢ Resolution

— : N

0_22 0.06—

Jet-Energy Resolution

0.15 = s i 0.04 - :

= 0.02f

Angular information from the tracks improves
the resolution of the jet shape internals
(Don't need to correct for jet shape aposteriori)
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Dense Environment
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Dealing w/PU

Key questions :

What happens to a jet in pileup?
What is the composition of pileup?

83
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~ Consider a jet

/4 |
Energy \/?
~ Hereisajet

AN

Distance (AR)
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Consider a jet

It is made of many

Energy particles
Clustered by a

clustering algorithm

Additional
particles

Distance (AR)
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Consider a jet in high pileup

Here is a jet

Here is additional energy
from pileup

Distance (AR)
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Consider a jet in high pileup

Jet
Energy energy ll

Shifted
Baseline

Here is a jet

Pileup subtracted

Distance (AR)
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Pileup removal in action

am PT offset / unit area / # of vertices

CMS preliminary {s=8 TeV

% _I T'TT | TTTT I TTTT | |||||||| | TTTT | TTTT | TTTT | TTTT | TTT I_
1.4 —

(5“ B B photons ]
/“;6 1ok Offset/N,,, I cm deposits N
2 Tr [ neutral hadrons
= [ [ hadronic deposits ]
£ 1 data 25 charged pile-up —
[ I charged hadrons |

0.8 =
0.6 .
0.4f =
0.2¢ -

ok i

5 4 3 -2 0 1 2 3 4 5

n

1.2

reco gern
P T / P T Response

0.8

Average subtraction/Pileup

CMS preliminary /s =8 TeV
[ T T T T L | T T T LI | |
- QCD Monte Carlo s
. Anti-kT R=0.5, PFlow b
L Y <13 i
—4-0<N,, <5 4
[ o ® - 5<N,, <10 |

L]

o . 10<N,, <15 i
e ° ¢ 15<N,, <20
- . et
* . 20<N,, <25
[ 00 "o %, 4 25<N,, <30
o . ... ‘... _
- [ ]
i LY ..... ....::.... ]
o0 . 8o ]
f“*oooo00000.0::"88I§==;Esgs§ggg%=;.qsﬂ_
i | ] | | I | i

L1
10 10°
Py (GeV)

Change in response post
subtraction
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Consider a jet in Heavy lons

Here is additional energy
from underlying event

Distance (AR)
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Consider a jet in Heavy lons

Heavy lon
collisions are
sinusoidal

: i 3 y,
Here is additional energy oy S
from underlying event v

\_// ‘\V

Distance (AR)
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Consider a jet in Heavy lons

Heavy lon
collisions are
Energy sinusoidal
A - 4
\ Les®’

mEm .
Split the jet into sub

components and subtract the
energy

Distance (AR)
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Led to HF/VVoronoi Method

Before subtraction

T WD C L
AR B
e

L N

£
-
e

_.‘

—4 —2 0 ¥ 4

n
Define each stepwise subtraction by building a Voronoi cell

92
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Led to HF/VVoronoi Method

After subtraction
¢ 7T T 10

pr(GeV/

L

n
Define each stepwise subtraction by building a Voronoi cell
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A jet In realistic pileup

Distance (AR)
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Conventional subtraction

Distance (AR)
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Conventional subtraction

Distance (AR)
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Conventional subtraction

Energy Our original jet has a
modified Energy

We now find 3 Jets

e

Distance (AR)




08/20/16 98

Conventional subtraction

Energy

These extra jets are
Known as “Pileup jets”™ or
In heavy lons
“Combinatorial jets”

Distance (AR)
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Lets back track

What is the composition of the pileup?

Energy

Distance (AR)
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Composition of pileup

» Every collision starts with quarks

- This leads to jets in the final state

- Now combine many different collisions together

CMS L =34pb’

Ns =7 TeV

o L AL I CMS L =34 pb’ /s =7 TeV
>1011 . |y|<0.5(><312|5)—§ —_— 1" T T —TT .p..| T T T |\|s| T eE
81010 1 P U o 0.5<]y|<1 (x625)] N % 10 e |y|<0.5 (x3125) E
B 10° = 1<|y|<1.5 (x125) ] 10" o 0.5<|y|<1 (x625)4
e g o 1.5<|y|<2 (x25) 3 PU o 10° S = 1=ly]<1.5 (x125) 7
= 10 = + 2<|y|<2.5 (x5) 3 e e o 1.5<ly|<2 (x25) |
© 107 s - s 2.5<|y|<3 E = e + 2lyl<2.5(<3) 7
— lyl E 107 s . -
o' 10° ™ = 'D._1 o R " s 2.5<|y|<3
e o =
B 10° = 5
% 10* - - 10° s
10° _i % 10% E
—— NLO®NP ppe E
10 (PDF4LHC) . E 1ok NLO®NP 3
1 [ Exp. uncertainty 2, E 1 iEPDF4LHCr)t it A E
107E Anti-k, R=0.5 N\ 3 1o E o e YN E
1 1 T R R B 1 1 PR L1y nti- =0. E|
20 30 100 200 1000 i B Y S S
o (GeV) 20 30 100 200 1000
i P, (GeV)
CMS Preliminary, Vs = 8TeV L=20 fb’ T
>
© 6l Z— ® Data
(U] 10 i el All
] Po il <25 G _
= bl Ve, PU
R R Jets overlapping
ﬂ>) E '
m

10

10°

100
P, (GeV)

Gives up

100
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Pileup Jets or “Fake” Jets
e For all classical purposes
- Pileup jet can be viewed as overlapping low p_jets

e Consider the Jet substructure of such an object?

P(overlap|pT) =C szu azjetp-l--a.z Real Jets ~ pT-*

CMS Preliminary, (s = 8TeV L=20 fb"

> - 10E
8 106 3 Z_”‘”J' * . Data g ; e Trigger P 10-15 GeV
To] [ _ g:luon © # o o Trigger p: 15-20 GeV
S "_"-,._‘h'll <25 — Quark Q 107 - .l' e Trigger p : 20-50 GeV
L " e = E
:@ -1-“.-"‘0‘.‘ PU % B - ALICE ',
c 10°F 7 © ™ PERFORMANCE s
Q i Bl 2
- = 3 - A #
W - # * +*+#++
& * +

Wi
{T e ﬂy

-60 -40 -20 0 20 40 60 80 l t‘IU{J
peh_=pfee.p A (GeV/c)
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Events

600
500}

400

102

ldentifying pileup jets
» Can identify pileup jets by

- Jets that are associated to the primary vertex
- Looking for objects that are wide(overlapping)

%103CMS Preliminary, Vs = 8TeV L=20 fb *

300F
200F

100F =

- Zoup * Data

...... A"
- — Gluon
L, Nl <25 Jetp :> 25 GeV — Quark

PU
o Real Jet
Pileup
- -
(e *Mt

0 01 02 03 04 05 06 07 08 09

B — d icpPV PTi
> i PTi

1

B

CMS Preliminary, Vs = 8TeV L=20 fb

- Zspp * Data

L e All
50000( — Gluon

| 3 <ml Jet P> 25 GeV  ounk

L PU
40000'5 -O-E‘" ----- Real Jet
30000f i e Pileup

20000

[ Width of a jet
100001

"'r-:.,__.J- ola s

0 002004 0.08008 01 030806 T T2
<A R®
2.2
Y i AR pT;
2
2 PTi

(AR%) =
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ATLAS
Cut on trackmg tuned to | Put 10 tracking/shape

b% fmATLAS MC No JIVF Cllt _

(N P, >20

Data/MC

Data/MC

3

28—
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2.4
2.2
2
1.8
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variables in an MVA

CMS Preliminary, Vs = 8TeV L=20 fb"
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A—-WW

0-jet bin (DF)

Why is it so important?™

1000

Niggs

IIII’]IIII]II

A1 1L
£33

data —_ =125 GeV

H125 Bl W+jets =
Top
ww

,.

. B
3
13
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CMS Preliminary |
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O-jet ep
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Pileup Jet |d Effect

Energy

Pileup jet id
has gotten rid of these

Distance (AR)
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State of the art 3 years ago

Energy

One lousy shaped jet

_ﬁ__

Distance (AR)
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What if we could fix this?

» Consider merging two concepts together

HF/Voronoi Pileup Jet Id
(Particle level subtraction) (Discriminating against Pileup)

PileUp Per Particle Id
(Pileup discrimination per particle)
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What if we could fix this?

» Consider merging two concepts together

HF/Voronoi Pileup Jet Id
(Particle level subtraction) (Discriminating against Pileup)

JHEP 1410 (2014) 59
P U P P I http://arxiv.org/p(df/140 .6013.pdf

(Pileup discrimination per particle)


http://arxiv.org/pdf/1407.6013.pdf
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How does Puppi work?

/ Puppi Key ldea: Is to make pileup attractive

Jet
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General Idea of the algorithm
» Use the Jets without Jets paradigm

- For each particle draw a cone around it

* |n each particle cone

- Compute metric a
 Distinguishes particle from hard scatter from PU
- Calculate median a and o, . over an event for PU

« Average over all particles associated to another vertex
 Compute a weight that a particle is from pileup

 Reweight particles and re-interpret the event
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Puppi algorithm |

Key

® Good Track

i PU Track
Good Neut

B PU Neut He
Chosen
Removed B
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Puppi algorithm |

Key
® Good Track @
® PU Track B
M Good Neut o
B PU Neut
® Chosen
~ Removed .
Step 1
Tracks can point

to PU vertices . ®
w/high efficiency ®

N
)

P
|
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Puppi algorithm

Key

® Good Track ®
® Py Track

™ Good Neut .

~ Removed .
Step 1 |
Vertexing
Step 2

Draw a cone
About each neut.
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Key

® Good Track
® PU Track
. Good Neut
B PU Neut

@® Chosen

~ Removed

Step 1

Run CHS
Step 2

Draw a cone
Step 3

Puppi algorithm |

-

\ .
\

/

() _ N
Lost Good
Neut #

(Soft wide angle) |

Remove all 0 values

‘ |
)
p —

~
\

/

~

%

\
“\
|
|
|

//’

\\

14



08/20/16 115

Puppi algorithm

Key
® Good Track o
® PU Track
M Good Neut -
I PU Neut - e
P Chosen ~ () / °

- Removed

Step 1
Vertexing
Step 2 B o
Draw a cone @ Il
Step 3 | \
Remove all 0 values
Step 4
Reweight Neutrals by weight factor
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Key

® Good Track

® PU Track

. Good Neut

B PU Neut

® Chosen
Removed

Step 5
Re-interpret evt
(Re-cluster)

After Puppl

116
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Understanding Puppi

ook
po&

Understanding Puppi requires some real life experience
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The weight factor

 For each particle consider in a cone :

& Hard
collinear

log Z ARZ? particles

J ERmm < AR@] =~

Reminiscent of a P(scatter) &« 1/(AR)?
Number of particles increases with p_
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Event level interpretation

§ <25 Dommn
% i a | e neutrals LV

..C_l 0.06— pU | ... neutrals PU —

| _

% 0.04_ —

0.02: —
0 —5

0

Approximate the shape of pileup as y*distribution
= 2
2 _ 9 _ (aj — apuy)
X; = ©(a; — apy) X 5

Opu

119
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Event level interpretation

(n I I I I ‘ I I I ‘ I I I I | I I I I
L) - | | < [] charged LV

2 - n _ 2 ' 5 —— charged PU

o - O | e neutrals LV

..C_l 0.06— pPU | ... neutrals PU n
= I i
-

O -

O 0.04 -
c

0.02

0

15
O(C

Translate distribution into a weight*

w; — FXQ}NDFZI(XZZ) >piNeW:M/ipi
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Real event An examplepﬁeﬁﬁnt

=

E_ % =] I == '. ﬂJ
; 1029 ; - e SimRas: i 102_,
; . = e £ =

] == " i=in !

o a" 10 R Sl T 10
L o e ng -H_'Em
:- = - = - - = 0

2 o= . = 2 ' e
s - = 1 - Sigsmeases: qEE 1
- " : e
- o - 5 A o

DA‘E@E@ 02 4 107 0 2 0 2 4 107

n n
> 6 T S ° 6 ' S
-V figiaiazss 10° § i Pupp[ " B 10°
gkt s : @':' d
e R . ! B m
4 A g o : m T ) s 10
- B I :
o E T'Em Dmﬁ 2 grisiecsd 50-200 [ F o a
o gl % g o g o ' GeV i o !
g /F S Fep b b e i
T i et ‘

0740 R 10° 0= N R R

Cweatlng . using atoy detector with perfect resoldtion
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Puppi performance on a detector
No cheating

ALL

PROCEEDS

BENEFIT THE
McCARREN
DOG RUN

DOG-E-DOG PRESENTS THE 1ST EVER /

HOWL-A-WEEN

DOG COSTUME PARTY & CONTEST |

In the spirit of this kooky
and creative holiday, we
are CALLING YOU—dogs
and dog people alike—
to check out the biggest
dog bash east of the East
River. WOW the crowd
with your crazy costumes,
WIN PRIZES and help
support McCarren Dog Park.

enter to win photo shoot for set up shop toys and blankets
tons of prizes you and your pup and mingle to BARC Shelter

BROUGHT T0 YOU BY DOG-E-DOG IN COLLABORATION WITH

- Widotes, e T
@ O S s Dog g LUCKYDPOG (g PS 9 &

DOG-E-DOG | dog-e-dog.org | info@dog-e-dog.org | 603.496.4361 | @dogedog | #mccarrenhowls
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Jets in CMS

CMS simulation Preliminary 13 TeV

_'{él :I [T | T T | T | 11 | T T | T | 11 | T 1 | T | 1 |:
S - Pythia RS Graviton > WW —— GEN —
> 80001~ "7 =
@ - Anti-kT (R=0.8) — PF (w/o safe sub.) -
S 7000 > =40 e PF (! safe sub.) -
. 200 GeV < p_ < 600 GeV —— PF+CHS (w/o safe sub.)

6000:_ ml<2.5 rl_[ ------------------------- PF+CHS (W/ safe sub.)

— —— PF+PUPPI (w/o safe sub.) —

so00— \W-Jet Mass ( -

-~ Improvements JJIL Where we were -
1000 From theorists .. last year B
2000 — JiE -
1000 — —
T oo L et T =

0 20 40 60 80 100 120 140 160 180 200
m (GeV)

Baseline comparison is state of the art p subtraction



08/20/16

124

Pileup performance

CMS Simulation Preliminary 13 TeV
o 35 B T T 1 | T T 1 | 1T T 1 | T T 1 T T 1 | T T 1 | T T T ]
% - Pythia RS Graviton - WW —— PE+PUPPI n
Q) ~  Anti-kT (R=0.8) .. 7
: 30 - <ng,>=40 N
S ~ 200 GeV <p_< 600 GeV PE+CHS ]
Ec:n 25 :_ ml <25 PF(Cleansing) _:
' 3 - PF+CHS(Const.Sub.) ]
© 20 ——=
é - _ e _
L 15¢ . ——
B R S — d— N
= ————— ¢ —
10 — * r ® ® — —
5 -
: | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | :

%5 20 25 30 35 40 45 50
Plleup Npy

* Mass resolution is flat against pileup

- Related trend observed in the data
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volution of PU Subtraction

Heavy Ion approach — :

PUPPI I,

PU Jet id @particle level

11K

Constltuent Subtraction
PA correction per particle

HF Voronoi
Per-particle subtraction X f
Using voronoi cells

Soft Killer

Median p removal
Per particle = JME-DP-13-018

JME-14-001

Im is to remove pileup

at particle level
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A depiction of Jet Grooming :
0912.0033,1402.2657,0912.1342,/0802.2470

Jet Groomin
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Jet Grooming

Imagine the surface of a jet

Key
O Charged hadron

‘ Photon
- Neutral hadron
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Jet Grooming
All Jet groom starts with de-clustering (using CA)

Key
O Charged hadron

‘ Photon
- Neutral hadron
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Jet Grooming : Pruning/Soft Drop

lteratively decluster jet removing lowest p_ subjet

failing pairwise condition

Key
O Charged hadron

‘ Photon
- Neutral hadron

Approaches are
generally more
agressive

ale;-g < Rey % (Qmj;}'ﬁft)
Pruning &yt 5 4,

Note : CA or KT shoulc
be used to de-cluster

Soft Drop: “pruer) , , (

Pr1 + P12
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Jet Grooming : Filtering/Trim/SD

Decluster jet and take only subjets

Key
O Charged hadron

‘ Photon
- Neutral hadron

n Filtering : Keep N sub jets Note : CA or KT shoul
Trimming : Keep pT/pT. jets be used to de-cluster
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Jet grooming : a highlight
* Improving the mass resolution on of a jet

- Requires pruning/trimming away excess radiation

1 jet

o
i

High W p .

Pileup/QCD radiation
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Jet Grooming : a Highlight

* Improving the mass resolution on of a jet

- Requires pruning/trimming away excess radiation

Jet grooming improves the
resolution of jets

Pileup/QCD radiation

arbitrary units

0.1

o
nNo
T

il

| CMS HIG-13-008
- H—=>WW = lvqq

—— SM Higgs, m = 600 GeV

—— WaJets, MadGraph+Pythiaé |

CMS Simulation
| | | [ ] l |

ungroomed jet mass

ungroomed jet mass

-

100

el
150

pruned jet mass
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Agains pileup and underlying event
* Allows for use of large jet cones

133

Grooming and PU

 Grooming makes jet reconstruction stable

* Rapidly improves hadronic boson mass

* At its core is preserves theoretical robustness

; __I T 1.1 | T 1.1 | T 1.7 T 1.1 | L I T 11 | T 1.1 I T I__
3 160rATLAS ILdt=1fb".E=?TeV 8
b [ Data 2011 ]
o~ 140_antl -k LCW jets with R=1.0 -
°~’E 200<p‘ " <300 GeV, n| < 0.8
= [ e No jetgrooming  --@- f,,=0.01, R_ =0. c
120 .0 £,,20.03,R =0.3 ... f.,=0.05, R=0.37]
—-a-f =0.01, R b=02 - f -OUSR =02
100__-%- f -005 R =02 _
C -
80 .n-l-""""__ —on ]
L P X ... NE- T i
B -&-"':g"_ O 0= e i
[510] i oo e ]
| .Q\. ! -’I- R T N g 'p.- ¥ ]
[ T e nfmefmmfrm pm fmw e An fmm fmw A ]
40+ B
20 -
_I 11 | Ll | | - | 11 1 | | - I Ll 1 | 11 1 I 1 I_
0 2 4 6 8 10 12 14

Reconstructed vertex multiplicity (

Noy)

Arbitrary units

L L L B LN L L L L L B N LR |
- ATLAS J' Ldt=47 ", {s=7 TeV
- Data 2011 .
0. 1j—anti-k, with R=1.0 LCW, No jet grooming applied —

- 600 p™ < BOO GeV, n| < 0.8 ]
: s 6N <4

008 G .
i veme N 212

0.06} -t .
[ ot

0.041 )

0.02
P A PR B B ..
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Leading jet mass, m’fl [GeV]

Arbitrary units

ML L N L B L LB BRI LR R

0‘14_ATLAS ILdt 477" =7 Tev
! Dattak2al|lt1hﬂ 1.0 LCW, Trimmed {f =0.05, R U 3) j

0‘12 L 600 < p™ < 800 GeV, | < 0.8 )
L 12N, <4 ]

0.1 e 7]
[ =W Nz, 212

0.08F ¢

0.06}

0.04 ¢

0.02[»

150 200 250 300

Ll
100
Leading jet mass, mjft [GeV]

Ly .50. .
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CMS
Sma

| jets : Area sub

19.7 fb' (8 TeV)

CMS

EE Photons

I EM deposits

(@& Neutral hadrons

& Hadronic deposits

[© 1 Unassoc. charged hadrons
S Charged hadrons

Anti-k; R=0.5
<pu> =19

I\llll‘l\l‘

Data/MC

Large Jets PUPPI

\%— -*‘_WW’WM”* n""”" =

CMS Simulation Preliminary (13 TeV)
> 1 .2 T I T I T T I
(&) -~0 Pruned m; selection -
c | < Pruned m + t,, selection 4
D | -+ PUPPI sohdmp m selection |
o PUPPI softdrop m + PUPPI t,, selection
= 1/~ PUPPI softdrop m! + DDT selection »
L i ®

I % &

- Signal efficiency

T U TS S e A  §
* Sy P

W-jet, AK R=0.8 T T | -

= pT>200 GeV i ‘ =

- I|n|<2,4GevI ; | O N
— 0 10 20 30 40

Number of PVs
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PU : ATLAS vs CMS

Small jets : Area subtraction

= e e e B |
2]  ATLAS Simulation ]
<25 0.8 Pythia Dijets 2012 —]
ZE | anti-k, LCW R=0.4 E
- true ] 1

‘—\c,'_ 0.6~ 20=p[" <30 GeV > -

g - .
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0.2 s 2 A

[a a - - A - 4 v

o~ ad s v 8 v v v

-0.2 [ —=— Before any correction E
. —a— After pxA subtraction i
-0. 4~—v— After resmlual correctlon —
Ll ol b bea ol

0705 115 2 25 3 35 4

Inl

Fat jets : using trimming
On whole et

(7)) SULEL B L L A L L B B R BB BN B
E 0‘14:_‘?:-%;25 ILdt=4.?fb". E=?Tev_:
- anti-k, with R=1.0 LCW, Trimmed {fc_II=D_05, Rmh=ﬂ.3}| N

E 0.1 2-_600s|f' < BOO GeV, | < 0.8 ]
E R s = = ]
- | vl B=Mg, =T ]
<C 0.1 ‘imimanin B*_:r.hth.sﬂ -
IR SEIEE Ne 212 ]

0.08 ¢ .
. i

0.06]- ¥4 -

. - ]

0.04f ¢ .
 ® . ]
0.02|» -
FIII ;

) 00 50 100 150 200 250 300

Leading jet mass, rrff [GeV]
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Tagging

* |n addition to grooming we use a tagger

W- NP I -

= VS. e
1 prong er /\ 19717 (8 TeV)

S 020 ATLAs Smumipn Sl E tOpOi; g *?:“j %) |
= - {s=8 TeV 2 W-jets (in W’ E © @ i
L 0.25 m™"<1.2 w2 Multijets (leading jet) & 200 -Ltﬁé?bkg];. —
@ 0.18F 350 < ™" of500 Gev -~ 8T _ 509, = -
2 0.16f Mcut £ i
= 0142 anti-k, R=10 jets = |

S . _F Ti f =5%R = -
2012 “Two prong | -
01% ‘:ﬁ tO OI *; _
0.06F | Q] - 5 ;
0.04- R ""’-/,;«,./ e _ :
. F I A e T P s E e ]
0 06 1 15 2 25 3 35 4 45 5 '50 52 53 X 55 1
D(ﬂ=1) T¥T1

2
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N-subjettiness/Q-Jets
™ = dlZpT;kmin{ARl,kIAlef -+, ARN}
0 %

 Measures of number of prongs

CMS Preliminary Simulation, /s = 8 TeV, W+jets CMS Preliminary Simulation, s = 8 TeV, W+jets

: I I I | I I ! I I I I | L I I | ! I I C T I I I | T I I I | T I 1 I | T ) I I | T I 1 I
) I O . .
= CA R=0.8 s XK= W W, Pythia6 "3 CAR=0.8 o X = W W, Pythia6 |
0 0.3F 2s0< p,<350GeV <~ + <PU>= 22 + sim. — 0 | 250<p <350GeV +<PU>=22 +sim. |
= ml<2.4 e+ <PU> =12 + sim. = 06k ml<2.4 +<PU>=12+sim. |
g [ 60<m,<100 Gev - W+jets, MG+Pythia6 g | 60<m,<100Gev - W+jets, MG+Pythia6 |
- i —— +<PU> =22 + sim. : - — +<PU>=22+sim. |
o o2+ 0 + <PU> =12 + sim. _| E..I) - - +<PU>=12 +sim. -

N ]
= 1 = 04 - T -
o 2 | Probabalistic -
| - O B L T
o S |1+ | Reclustering of-
< 0.1 0211 = : -
; - [ particles -
ol T I s B i
0 0 0.1 0.2 0.3 04 0.5
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Jet Charge
Y i (phr)"
(P

» It works, but its not great : ~ Charge rise shows
valence quarks

QF =

CMS Preliminary, 19.3 fb” at |s = BTeV W .l ) — 013 .
g [t erre 1 ‘%‘ EATLASPrellmlnary .
> 250 4 2 oosF | . =
@ 250 Jf,mw_ +Dataw+ 1 & UF Is=8TeV,|Ldt=58 ]
_ 1 O = E
200|— ] § 0'2: mx=1.0 _O_—i)f
- {1 B - ®x=03 —A5
B ] 0.15 o _9__—0-—‘__9:_‘_ -
B ] - -0, " ]
150— _| 01 == . A E
B i C _A_—Q— ]
- - - == —e
- E 0_@::0—?_ O Data B
sol- - - A Pythia Dijets -
i - 0.05—— el -
U_ ] CS) 2_
E 2 TT 3 ; 6= '
g 1.5F H | ...... = % 1_ :$:—@— =6='-0—E©E=6—=6=—F;—_Q_—Q—_ﬂ_-©-§@5
- ] (| o
g ° HIBE Fe= | . ’
e B e TR % 500 1000 1500
08 06 04 -0 ) : 4 06 08

jet charge (x = 1.0) Dljet Mass [GeV]
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Quark Gluon Discrimination
 Goal : Separate quarks and gluons

- New technique for modeling of discriminant in data
- Application : AKS Jets
- Potential application to many other approaches

iy
Quark jets: Gluon jets:
Narrow Wide
Have less particles More particles
High p_core Lower p_

Enhanced in Z/y+jets Enhanced in dijet
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Quark Jet Efficiency

Quark Gluon Performance
« CMS has better performance

139

- Gain from use of p_D variable (also not just using tracks)

- ATLAS relies on tracks in place of all pf candidates

« Also maintain large uncertainties from generator differences

CMS Simulation Preliminary, /s = 8 TeV
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T
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0.2 | --Pull
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IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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i anti-k, R=0.4, n| < 0.8 O Pythia
C 60 GeV<p_<80 GeV ¢ Herwig++ B

Ldt=47f", \s=7TeV Syst.
MC11 Simulation -4
L > _
g S
-o-
5 O
L 2
I D —]
ceerere e e e e e el
IIIIIIIIIIIIIIIIIII |IIII|IIII|IIII|IIII
,O,
B e e o
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08_

203040506070809 1
Quark Efficiency
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ATLAS Simulation

Vs=8 TeV

G/AR=0.6 ji=1,R_ =03y _=9%)
CIAR=06 ju=1,R_ =0.3,y =4%)
C/AR=0.6 iu=1R_,=0.3,y,=0%)
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Background rejection @ €34T = 50%
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How did we scan these?

Jet 4-momentum not calibrated
m'th<1.2 , 350 < pTrthh < 500 GeV , M Cut

* = Optimal substructure variahle for jet algorithm
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Discrimination Power

141

Pushing it to the Limits

W-Boson discrimination 8 TeV

=05 (2)

1/eg at g

o
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]

T1T 17 |

N
O

Variable Appended to MVA

We are not even done with ideas yet!
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Executive Summary for W-tagging
e CMS :

- Past  :Pruning + 1,/T.
- Present : Soft Drop + PUPPI + 1 /1 (°°1

« ATLAS :
- Past : Trimmed Mass + W

12

- Present : Trimmed Mass + Smoothed D+

e Both are commissioned on data
- Mass scale and efficiency
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Executive Summary for Top tagging

e CMS :

- Past : Mass + CMS/HEP Top Tagger
- Present : Soft Drop + PUPPI + 1./1, + subjet b-tag

« ATLAS:

- Past : Trimmed Mass + Vd,,

- Present : Trimmed Mass +1,/1,

e Both are commissioned on data
- Mass scale and resolution (ATLAS)
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Pileup outside of jets

Lets look at objects outside of the jet!
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Pileup in the Event

PU Track
A Good Track
Good Jet
PU jet

Simplified event can be decomposed into 5 different objects
We have tools to go after all
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Pileup in the Event

lllll
|
) » N

PU Track e e
.... I ‘ i‘ Good Track
Vertexing :
Charged particles

Can be assigned
To a PU/Good vertex

Good Jet

PU jet
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Pileup in the Event

- Good Jgt

PU Jet Id:
Jet Shapes can
Infer jet is PU or not

....
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Pileup In the Event

Depth segmentation
Energy resolution
Detector fast timing

.....

.....
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Pileup In the Event

Whole Event :

Whole event et * """
Can balanc ’

itself out
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Puppi affects everything

|t does not just work on jets!
PU Particle

Tau A - Muon

v~ od Jet

&
Isolation = X p.
MET =-Ip,

SUMET
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Puppi affects everything

|t does not just work on jets!

PU Particle
Tau - Muon
_ -7 - Apply the Puppi
V- S00d I8N Weights w

Isolation = X p w
MET =-Zpw
SUMET = Xp w



Puppi affects everything

08/20/16
13 TeV
5,1 051
c - CMS
.E__-; i Simulation Preliminary
= m
5 i P¥ > 20GeV
> : 4 m-l-:.m._..dj .
ET Y R At anns s o PO Srget
[ i, gty
B R
i i TSP
0.9} N
I —+— PF PUPPI with muon
0.85 +— PF dp-corrected —+ PF PUPPI no muon
PF PUPPI combined
08L...J.l‘lxl.l,i..‘.l.l.lellx..
0 5 10 15 20 25 30 35
Number of reconstructed vertices
13 TeV, <PU>=20
> 1
e [ CMS
g 0.98— simulation Preliminary reduced by e
= B : ) ]
©0.96[ 2% — -
> - gD
Qo4 g
/ PE > 20GeV
0.92} 4
. 9: / /! —— PF &p-corrected
i - / —— PF PUPPI with muon
0.88| / PF PUPPI no muon
0.86|- y PF PUPPI combined
M A B | 1 PRI N L
0.02 0.04 0.06 0.08 0.1 0.1_2 ) 0.14
QCD efficiency

QCD efficiency

- 13 TeV
- —+— PF 3p-corrected CMS
0'255 —+— PF PUPPI with muon Simulation Preliminary
+— PFPUPPInomuon  Pi > 20GeV
0.2 PF PUPPI combined
0.15}- =
B __._ r,;orﬁw":“.*" W
0-1__ +L‘m M.w.' S SR ‘L""'_,'?":§
; L m%”.“,.rwwq-thul;;k
0.05
O Ll ' ' R SR I B P ' I L
0 10 15 20 25 30 35

Number of reconstructed vertices

Apply the Puppi
Weights w

Isolation = X p w
MET =-Zpw
SUMET = Xp w
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MET

To see nothing you have to reconstruct everything*

A Jet (+other particles)

B X Invisible

*TDP

0

~N

.

Particles
Conservation of

transverse energy
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MET

To see nothing you have to reconstruct everything*

-

*TDP\_

A Jet (+other particles)
» X ¥ X Invisible
N Particles
o g Conservation of
-ZAllparticles Pr = ME T e transverse energy
Y,
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Garbage Collection: PU Reduced METs

« MET is effectively summing up all the trash

- PU Reduced METs Equivalent to Recycling

e Sorting your garbage by Metals/Plastics/Paper
e Sort your event by Pileup,Jets,unclustered Neutral, tracks

/~ PUTrack \ a4 N\ /" PUTrack  \
Good Trac

= ; Good Track

Good Jet Good Jet

PU jet PU jet

Algorithmic combination MVA combination

Combine all of the estimates into one best estimate
There is no perfect way to remove objects from the MET
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Garbage Collection: PU Reduced METs

« MET is effectively summing up all the trash

- PU Reduced METs Equivalent to Recycling

e Sorting your garbage by Metals/Plastics/Paper
o Sort vour event by Pileup,Jets,unclusterad Neiitral tracks

;‘ 50 L I T 17T | T 17T | L I L | T 1T T lclh“swpurel“ln.:i':'anrywl ??1?. 40CMS Preliminary 12-9 fb-1 ('1 3 TGV, 201 6)
r . . - —=— MVAPF E, data . — L
C miss ] - 2fb" at (s= > F ‘
8 456 \s=13TeV = CST E = 250" = MVAPFE, simulation - ot ¢ S}Te;’ ] & »= "PFETT Zopm
- o mlss ] . [ 7 NoPUPFE,data . = r . . _miss
g 40 Z - l.lu 25nS y TST E - L —*— No-PU PF E; simulation s i 3430? Puppi ET Z= uu
= = 7 20 e =t | g E 50 GeV
5 C miss . i PF E; data o s 9>
6 35 :_ a” Jets g TraCK E E I —=— PFE; simulation 7 %
(/) - ** pll| - l r
&J 30 2 3 - 1
u T 3 151~ P10 - Y N
0 C 5 . - ¥ + % -
@ o5 . 3 -
E > C _._-I-"' - L | 1ol
ul - -+ _._-o-"""-.:: s - . isgé F
2 20:_ - e Ll = 10~ = T AR D00 C Response Corrected
E x C ¥ _._-.-"".'-. 3 A T ik . =
. 15}+*{11—i+h‘#ﬂm+ﬁ+ﬂ—ﬂ-w F7o i 1 oF
. PO g ] 147 i O 18
10-_# — 5_....\‘...|.. AN I W N %1{_
C . 1.£ E
5F . . . L EET CEPPEETEREE CEE FRAh So.
- ATLAS Simulation Preliminary 08 o
0_ co e e b e b e b Py 1 | -0 0 ) 35 075 15 20 25
0 5 10 15 20 25 30 number of Yertices # Vertices

v 1bination MVA combination

Combine all of the estimates into one best estimate
There is no perfect way to remove objects from the MET
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THE MYSTERY FACE GAME » LL JIU DU PERSONNAGE MYSTERE
IL JUEGO DE LA CARA MISTIRIOSA




Guess the Jet by asking questions?”*

08/20/16

*Concept by N. Tran
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u,d or s jet

*Concept by N. Tran

gluon jet

pileup jet

159

What are you options?

We will just use the 3 in green
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Deep Learning for Image Recognition A

| 6.6% 5.3% 5.1% 4.9%

|lll

2010 2011 2012 2013 2014 2015 Human 2015

*Michael Kagan's slides (Yé&Sterda¥y)

Start @ 0 PU

Classification error (%)




What is it?

: ' .IEI |

s : 1,

 x " n
4 2 R

o~

>
[0

)
102|_
o

—_
o

10



" AK8 (anti-kT AR=0.8)

L
A
?(0‘\9“ 0

i N
n | : i
I |

N % 0
. Two Prongs  Prong#2
-« Are visible

4 2 0 2 4

=
pT (GeV)

—
o



What is 1t?

o~

>
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O
102|_
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6‘ Its a W boson
" AKS8 (anti-kT AR=0.8)

—
o

i Two Prongs  Prong#2
-« Are visible

4 2 0 2 4
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What is 1t?
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What is 1t?

I I III-
>
T (GeV)
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i
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. | m
m m N
3 prongs ]
M
Lo
n |l
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" high p, s
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4 2 0 2 4
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One prong a,bit
wider than a W or
"a" top jet cdre
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What is it?
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What is 1t?

>
B
C 2 10%
e 10
0 ll-_
' i
S /8 e
1; I 14 o
R
A top quark decaying to 2 jets N



What is
" .

Random low energyjet s 1
e =.I '

. . v L

lII l . lllll .I I:

E .1 1s Focus on this

it”?




What 1S It7?

o ",

6 | 102:5
Random low energyjet N G
A \ —
— Q
. - 10
|
illed in region is .
c)Ior Connectlon 1
i1 1
I
3-ish prongs :
However all arecoloncomnected ,
i |
o .
‘. W jets are not color
g
-~ —connected to event /.. -

v 4 4

1



Now @ 100 PU
(Next year)






“Running PUPPI
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0 PU '

3_ " AKS8 (anti-kT AR=0.8)
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“Running PUPPI
100 PU

— Look familiar?

|—I4| L |—I2| L L I L L L I L L L I L

pT (GeV)

10
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pT (GeV)

et

fs

See backup

179

Any qguesses?

pT (GeV)

"

107
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Recap

» Actual analyses are on objects combining deposits

« Particle flow combines the deposits to particles
- Takes into account many features (Brem/Nuclear Int)

* Hadronic T decays are composite “particle” objects
- Find the decays and rely heavily on isolation

» Jets have rich & interesting identification features
- Pileup an important aspect that needs to b addressed

* MET relies heavily on everything else

- To reconstruct nothing you have to know everything
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«/ “"Thanks!

- T e 5 CMS Preliminary 2.70" (13 TeV)

% — T — ] 2000’ ATLAS _: 91200_‘ T T AL L LI L L L L B N
O 25000 D o {5=8TeV, 20317 - § o data ’
- [h - Background ft component 5720 1 F . 04 000 & B QCD Pred. ]
5 200001 Sertfcompenet ] |600:— E prd —— Total SM Pred. -
foe iR 2015 : B
C ™ c = 800— —£lqq —

15000__ ATLAS Gev1  —] |200:_ _: : ----- z'(qq)’ gB = 1 :
[000) = B T

10000 s=7TeV, 460" b - 3 . 600 - -
pT>0.320 GeV hi<1.9 6002 058 < pT < 067 : B pT > 500:

o ] =) i 400— —
2014 | & Tevansary)> F “ 2016
gc- 1(')0 BT S =, 200 045 Ny < 30, Fourth deg. polynomial = 200:— ", —:
()| A PR R AT AN I AR o T T e L g i

— e vemas Jet Mass [GeV1 60 80 100 120 140 160 180 200 ok . T L. |

m [GeV]

50 100 150 200 256 300

This peak has only been
observed over past 2 year

50 100 150 200 250 300
soft drop mass (GeV)

Data/Prediction
OO




Thanks to the
Organizers!

Have a good trip
pack



<Am>=-0.8 GeV
RMS=12.7 GeV

08/20/16
CMS Simulation Preliminary 13 TeV
*ﬂ —III|||||||||I|I|II|||||||||||||||||II:
= 235000 Pythia QCD — PF+PUPPI =
g Anti-kT (R=0.8) v SV
= <ng,> =40 a
@ 30000 500 GeV < p. < 600 GeV CAM>=13.7 GeV  —
| < 2.5 T RMS=17.0GeV  _
25000 — PF+CHS ]
<Am>=-6.2 GeV —
Jet Mass [ RMS=14.6 GeV ~ _
20000~ Resolution PF(Cleansing) -

15000 -
PF+CHS(Const.Sub.)}-
<Am>=0.5 GeV _

10000 RMS=13.7 GeV = |

5000 —

R PR R B : | | L1 | | L1 | | I i R N -
-?00 -80 -60 -40 -20 0 20 40 60 80 100
Mreco - mgen(Gev)

Mass resolution shows clear improvement (40 PU )
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Pileup performance in data

::"-.
hd
£
[t
[
e
0.8

0.4

0.2

14
12

Likelihood of two prongs

Data/MC

1
0.8F
0.6E

8.0 fb™* (8 TeV)

L 0CD Heérwig++ Anti-kT(R=0.8)
| <N >=22

- 400 GeV < P,

- Il <5

T I T
CMS |

Preliminary __|

I Data MC _
- o PF — PF -
- o PF+CHS  — PF+CHS i
B o PF+PUPPI  — PF+PUPPI  _|
_| e e by Ly |_
5 10 15 20 25 30 35

Pileup n,,

 No more trends in pileup with Puppi
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Jet Energy Correction

* Executive Summary :
We switch to AK4

08/20/16

Run Il PU

Run I’PU

CMS Simulation Is=8TeV CMS Simulation / Is=8TeV
Z/\ 045_' I ZA 045__ T T T T T T [ T T T T T T ,_
. E QCD Multijet o <13 o F QCD Multijet o <13
Q'l_ 0-4;— Anti-k_ (PF+CHS) o 13<m<25 = Q',_ 0-4:_ . Anti-k,. (PF+CHS) o 13<m<25 B
(o} - Q - 4
YV 035 0GeV<pi™<35feV o 25<hn <30 — YV 035 30GeV <pi™<PGeV o 25<[n <30 -
EA 035_::10su<20 o 30<f <50 - EA 0.3z—_§:305M<40 ° 3-0<hl|<5-0'_'_::::_E
OQ.F | e OQ.F - ,:.:rﬁ%.H_.ﬁ ]
E_ 0.25 T * ﬂ—:::— 3_‘ 025 +:+ ]
a Co—— —g— N C f::‘zlz‘f'_"
° 02 ww 3% 2- e 3
015 0.15;— —
01 AK4 wins (at hlgher poslightly different) E
005:— I I | | | I | ] I I | 005:— ] L | I I I | I I | | I I 1 | ] I ] | =
0 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1
Cone Size Cone ?ize
JME-DP-14/037
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Jet Energy Correction

* Executive Summary :

We switch to AK4

Run I’PU Run Il PU

. CMS Simulation Is=8TeV . CMS Simulation / \s=8TeV
T T T | T T T | T T T | T T T | T T T | T T I T | T T T | T T I | I T T | T T T I I
é _ 045 QCD Multijet o M<13 é _ 045 QCD Multijet o hl<13
Q'l_ 0.4 Anti-k_(PF+CHS) o 13<<25 Q'l_ 0.4 Anti-k_(PF+CHS) o 13<h <25
Q Q
Vv 035 1000 GeV < p>*" < 1600 GeV Vv 035 1000 GeV < pS=" /1500 GeV
z z
% - 0.3 10<p<20 % - 0.3 30<pu <40
Q Q
F 025 * o 025
5 02 At high pT AK5/AK& wins
0.15 0.15 _}_
0.1 —— 01—
FH*. e —e— - : : s
0.05 A IS N S SR M N 0'05...|...|..;|..:|...|.
0 0.2 04 0.6 0.8 1 0 0.2 04 0.6 0.8 1
Cone Size Igo e?i
JME-DP-141637
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Stability of our detector
« Using all the jet cones allows plots like this:

CMS S:mulat:on Prehmmary

19 7 fb (8 TeV)

w 14p FREAR
% I PF PFI-:I-('(JHSV h]l <1 3
- e >N (Ge R=0.2-1.0
€ 12 . ss GeV) x 10
© - e o C(1)x100
& -é ‘ . . & ° @ -
— L T o o © .- o
L ik ¢ .
- 8_ ..
O [
5 6_— + . - s
8 .¢¢ . Q g
E 4 $ il s =
AR - .
$ (A ) J'CR ) p% VND'N lpz PU“A g: +C2
0 | | I I | | | I Ll I-:-l L1l L1111 |

0 10 20 30 40 50 60 70 80 90 100

uxA

JME-DP-14/037



08/20/16 8

What does it take for E-flow? :

* Need to reconstruct a jet and correct it

- ATLAS (p) PU N
Cluster+correct Cluster Correction Residual
Calorimeter  Topoclusters tGlobal  Correction of
Cells To Correction Jet (using
(Topoclusters) jets Of Jet width/tracks)

- (P;+n) GSC >
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Jet-Level in ATLAS
 While ATLAS does not use pflow

- Yields resol. loss(Charged parts)+worse granularity

- Compensates w/improved aranularitv throuah GSC
Before GSC After GSC

& ~ ATLAS Simulation Preliminary | & " ATLAS Simulation Preliminary _
9 1.2 EM+JESw/o GS PYTHIA8 B o 1.2~ EM+JES PYTHIA8 ]
1 ] - o o .
&2 - anti-k, R=0.4 In|<0.3 2 - anti-k, R=0.4 In|<0.3
o I 787 30<p"" < 40 GeV o I 787 30<p"" < 40 GeV
1.0 [ 80<p™" <100 GeV | 1.7 a0 80<p™" <100 GeV |
= [[47]350<p" <400 GeV i [[2] 350 <p™™" < 400 GeV -
1?*‘**::;. ) - | R -ty 5 . -
L +. - - - L .
o~  Corrections exist at jet layel (not particle) :
S s | 5 0.05. r o
De : .05} L ;
% % %%W 2 ] g : ,,-M/%,%%ﬁn
g % 0.1 02 03 g G 01 02 03
s width, £ width
< https/atlas.web.cern.ch/Atlas/GROUPS/PH¥XSICS/CONFNOTES/ATLAS-CON F-9D15-0¢


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-002/
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2 years ago

Jet Energy Scale |

19.7 o' (8 TeV)
I I I I I I I I _

Anti-

n_=

Similar I e

S
> T
= -
© 6F
o f
c I
= -
O 4
% -
3F
21

progression in

ATLAS 0=

—~ Relative s

= Pileup ((1)
=Jet flavor

+ Time sta

- 1 year ago

R=0/5 PF+CHS -

90

Understanding
of JEC
Steadily improvec

As we dealt with
detector effects

 Run lI: expect same trend with a faster timescale

* We are now down to 3% uncertainty a 30 GeV!

JME-13-004
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What is it?

M LT W
- . [ | [ | g
: . o

Sr lm

I .l |.":| i
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3t

of : 1
1

— . I

T2 0 T2 h
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What is 1t?

Run Jet reco

< 6:_ . " ‘II- _ l102§
5 o \ | =
]: to A Jetp, 50-100 GeV
: f

; Jet p_ > 200 GeV .
2 : -}
: l
II L

0 -------- | - - | - 10—1
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Its a low pT W boson

00000

193

Any guesses?

= 'Iquark!:iI |
1 Y
l. ’ |

pT (GeV)

107



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119
	Slide 120
	Slide 121
	Slide 122
	Slide 123
	Slide 124
	Slide 125
	Slide 126
	Slide 127
	Slide 128
	Slide 129
	Slide 130
	Slide 131
	Slide 132
	Slide 133
	Slide 134
	Slide 135
	Slide 136
	Slide 137
	Slide 138
	Slide 139
	Slide 140
	Slide 141
	Slide 142
	Slide 143
	Slide 144
	Slide 145
	Slide 146
	Slide 147
	Slide 148
	Slide 149
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159
	Slide 160
	Slide 161
	Slide 162
	Slide 163
	Slide 164
	Slide 165
	Slide 166
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179
	Slide 180
	Slide 181
	Slide 182
	Slide 183
	Slide 184
	Slide 185
	Slide 186
	Slide 187
	Slide 188
	Slide 189
	Slide 190
	Slide 191
	Slide 192
	Slide 193

